D
ental implants serve as a foundation for support of fixed and/or removable prostheses. As such, preimplant prosthodontic considerations are a vital phase of treatment before implant surgery. For example, the surgical decision to augment or perform osteoplasty before implant surgery will affect the crown height of the prosthesis and, subsequently, the desired prosthetic result. Therefore, the overall prosthetic treatment plan should be determined before surgical intervention. Virtually all conventional forms of construction, from buildings to art form, require a clear vision of the end result before the project is started.
Implant preprosthetic failure is in the range of 0% to 20%, and is highly related to bone volume and density. 1 The highest risk of implant failure after the prosthesis is fabricated is during the first 18 months. Implant loss, according to a limited literature review from 1981 to 2001, may be related to prosthesis type and arch location. 1 Fixed complete arch prostheses show an average failure rate of 10% in the maxilla and 3% in the mandible (range 0% to 22%). Implant overdentures show a 19% failure rate in the maxilla and 4% in the mandible (range 0% to 30%). Partially edentulous fixed partial dentures average an implant failure rate of 6% in either the maxilla or mandible (range 1.9% to 12.5%). Because more than 1 implant is used to support most restorations, the number of prostheses affected in the postprosthetic category of implant failure may be 2 or 3 times the number of implant failures, but this is not well documented in the literature. Single restorations on implants show a mean average of 3% loss in either arch (range 0% to 11%). 1 Therefore, the highest complication rate for early implant failure after placement of implant restorations is for overdentures, followed by complete-arch fixed partial dentures, then fixed partial dentures. Single restorations on implants have the lowest implant failure incidence and appear to be the most predictable restoration.
As a general rule, prostheses supported by teeth have survival rates at 2Ϫ5 years in the range of 97% and rarely are tooth abutments lost during this time. 2 However, failure rates increase substantially over time with one quarter 3 to one third 4 of the prostheses failing after 15 years. Implant prosthetic complications develop earlier in the process than natural toothsupported restorations. For example, the early fracture rate of porcelain approximates 6%, whereas tooth supported restorations have a fracture rate of approximately 2% over the same time. 1 Loss of retention on natural tooth restorations is rare within the first 4 years, whereas single tooth implants can have loose abutment screws. Screw loosening with single implants has occurred at a relatively high rate initially (range 2% to 45%). With new screw designs and torque tightening protocols, the loosening has been reduced to an average of 8% (range 0% to 12%) within the same time. 1 The primary causes of complications with natural tooth-supported restorations relate to caries, loss of retention, need for endodontic treatment, and porcelain fracture. How-ever, because implants do not decay or require endodontic therapy, once the restoration is functioning for more than 2 years, the long-term survival rate of the prosthesis is higher, as compared to natural tooth restorations. After 10 years, reports of success rates higher than 90% are not unusual with dental implants.
CROWN HEIGHT SPACE
The primary purpose of this consensus meeting was to provide guidelines related to interarch space. Early in the discussions of the panel, it became apparent that the ideal dimensions of this space were difficult to ascertain for either fixed or removable restorations. However, the consequences of too much or too little crown height space (CHS) in 1 arch was considered more relevant of a problem, and guidelines for these conditions were generally agreed upon.
The interarch distance is defined as the vertical distance between the maxillary and mandibular dentate or edentate arches under specific conditions (e.g., the mandible is at rest or in occlusion).
5 A dimension of only 1 arch does not have a defined term in prosthetics, therefore, Misch 6 proposed the term "crown height space." The CHS for implant dentistry is measured from the crest of the bone to the plane of occlusion in the posterior region and the incisal edge of the arch in question in the anterior region (Fig. 1) . During restoration of an anterior region of the mouth, the presence of a vertical overbite means the CHS is larger in the maxilla than the space from the crest of the ridge to the opposing teeth incisal edge. In general, when the anterior teeth are in contact in centric occlusion, there is a vertical overbite. Therefore, the anterior mandibular CHS is usually measured from the crest of the ridge to the lingual contacts of the maxillary anterior teeth, which is also the incisal edge. However, the anterior maxillary CHS is measured from the maxillary crestal bone to the maxillary incisal edge, not the occlusal contact position. The biomechanical aspects of CHS continue to the incisal edge because eccentric movements of the mandible extend to this position.
According to the consensus panel, the ideal CHS needed for a fixed implant prosthesis should range between 8 and 12 mm. This measurement accounts for the biologic width, abutment height for cement retention or prosthesis screw fixation, occlusal material strength, esthetics, and hygiene considerations around the abutment crowns (Fig. 2) . Removable prostheses often require Ն12 mm CHS for denture teeth and acrylic resin base strength, attachments, bars, and oral hygiene considerations (Fig. 3) .
BIOMECHANICS OF CHS
Mechanical complication rates for implant prostheses are often the highest of all complications reported in the literature. 7 Mechanical complications are often caused by excessive stress applied to the implant-prosthetic system. Implant failure may occur from overload, and result in prosthesis failure and bone loss around the failed implants. Implant body fracture may result from fatigue loading of the implant at a higher force but occurs at less incidence than most complications. The higher the force, the fewer the number of cycles before fracture, so that the incidence increases. Crestal bone loss may also be related to excessive forces and often occurs before implant body fracture. The risk of screw loosening is increased when forces are increased, and abutments and prosthetic screws have loosened at rates of 6% and 7%, respectively. 1 Porcelain and/or occlusal material fracture rates may increase as the force to the restoration is increased. The risk of fracture to the opposing prosthesis increases with an average of 12% in Fig. 1 . Crown height increases as the available bone resorbs in height. The CHS is measured from the crest of the bone to the occlusal plane in the posterior and to the incisal edge of the arch in question in the anterior region. Fig. 2 . The ideal CHS for a fixed restoration ranges from 8 to 12 mm. This dimension accounts for the biologic width, abutment height for cement or screw retention, and occlusal material for strength, esthetics, and hygiene considerations. Fig. 3 . Removable implant overdentures often require Ն12 mm CHS for denture teeth, acrylic resin base, attachments, and bars for strength and oral hygiene considerations. Fig. 4 . When the direction of load is in the long axis of the implant, the crown height does not increase the force to the implant or bone.
implant overdentures that oppose a denture. 1 With resin veneer fixed partial dentures, 22% of the veneers fractured. Clips or attachment fractures in overdentures may average 17%. 1 Fracture of the framework and/or substructure may also occur as a result of an increase in biomechanical forces.
Force magnifiers are situations or devices that increase the amount of force applied, and include a screw, pulley, inclined plane, and a lever. 7 The biomechanics of CHS are related to lever mechanics. The concepts of a lever have been appreciated since the time of Archimedes, 2000 years ago. The issues of cantilevers and implants were shown with the edentulous mandible, where the length of the posterior cantilever directly related to complications and/or failure of the prosthesis. Rather than a posterior cantilever, the CHS is a vertical cantilever, and, therefore, it is also a force magnifier. As a result, because CHS excess increases the amount of force, any of the mechanical related complications associated with implant prostheses may also increase.
When the direction of a force is in the long axis of the implant, the stresses to the bone are not magnified in relation to the CHS (Fig. 4) . However, when the forces to the implant are on a cantilever or a lateral force is applied to the crown, the forces are magnified in direct relationship to the crown height. Bidez and Misch 8 evaluated the effect of a cantilever on an implant and its relation to crown height. When a cantilever is placed on an implant, there are 6 different potential rotation points (i.e., moments) on the implant body. When the crown height is increased from 10 to 20 mm, 2 of 6 of these moments are increased 200% (Figs. 5 and 6). A cantilevered force may be in any direction: facial, lingual, mesial, or distal. Forces cantilevered to the facial and lingual are often called offset loads. The bone width decrease is primarily from the facial aspect of the edentulous ridge. As a result, implants are often placed more lingually than the center of the natural tooth root. This condition often results in a restoration cantilevered to the facial. When the available bone height is also decreased, the CHS is increased. Therefore, not only is the potential length of the implant reduced in CHS conditions, the implant is positioned so that an offset load is more likely to occur.
An angled load to a crown will also magnify the force to the implant. A 12°force to the implant will increase the force by 20%. This increase in force is further magnified by the crown height. For example, a 12°an-gle with a 100-N force will result with a 315-N mm force on a crown height of 15 mm. 9 Maxillary anterior teeth are usually at an angle of Ն12°to the occlusal planes. Therefore, even implants placed in an ideal position are usually loaded at an angle. Maxillary anterior crowns are often longer than any other teeth in the arch, so the effects of crown height cause a higher risk of mechanical overload.
The angled force to the implant may also occur when the patient goes into protrusive or any lateral excursion because the incisal guide angle may be Ն20°. Therefore, anterior implant crowns will be loaded at a considerable angle during excursions, as compared to the long-axis position of the implant. As a result, an increase in the force to maxillary anterior implants should be compensated for, in the implant treatment plan. Most forces applied to the osteointegrated implant body are concentrated in the crestal 7Ϫ9 mm of bone, regardless of implant design and bone density. 10 Therefore, implant body height is not an effective method to counter the effect of crown height. In other words, crown-root ratio is a prosthetic concept, which may guide the restoring dentist when evaluating a natural tooth abutment. However, the crown heightimplant ratio is not a direct comparison. Crown height is a vertical cantilever, which magnifies any lateral or cantilever force in either a tooth or an implant-supported restoration. However, this condition is not improved by increasing implant length. The higher the CHS, the higher the number of implants usually required for the prosthesis, especially in the presence of other force factors. 7 This is a complete paradigm shift as compared to the concepts advocated originally with many implants in more available bone and small crown heights, and fewer implants with higher crown heights in atrophied bone (Figs. 7 and 8) .
The CHS increases when crestal bone loss occurs around the implants. Therefore, an increased CHS may increase the forces to the crestal bone around the implants and increase the risk of crestal bone loss. In turn, this effect may further increase the CHS and moment forces to the entire support system, and increase screw loosening, crestal bone loss, implant fracture, and/or implant failure. Because an increase in the biomechanical forces is in direct relationship to the increase in CHS, the treatment plan of the implant restoration should consider stress-reducing options whenever the CHS is increased. A reduced CHS has biomechanical issues related to the strength of implant material and/or prosthetic components, flexibility of the material, and retention requirement of the restoration. The fatigue strength of a material is related to its diameter. 8 For example, when a bar is one half as thick in dimension, it is 8 times more flexible. In fixed restorations, the movement of the material may increase porcelain fracture, screw loosening, and/or uncemented restorations. Therefore, when reduced CHS exists, the material is much more likely to have complications. CHSrelated issues are accentuated by an excessive CHS that places more forces on the implant/prosthetic system, and reduced CHS makes the prosthetic components weaker.
The retention and resistance forms of an abutment for a cemented prosthesis are dramatically affected by the height of the abutment. 2 The arc of displacement should be lower than the abutment height because the forces above the arc are in compression, while below the position of the arc, the forces are shear in nature. Materials such as cement, porcelain, and bone react strongest to compression and weakest to shear components of force.
Existing Occlusal Vertical Dimension
To determine the interarch space, the overall issue of occlusal vertical dimension (OVD) must be addressed. Therefore, the issues of CHS must be considered after the development of this dimension. The patient's existing OVD should be evaluated early in implant prosthetic treatment plan because any modification will significantly modify the overall treatment. Not only will a change in OVD require at least 1 full arch to be reconstructed, it affects the CHS, and, therefore, the potential number, size, position, and/or angulation requirements of the implants. The OVD is defined as the distance between 2 points (i.e., 1 in the maxilla, and the other directly below in the mandible) when the occluding members are in contact. 5 This dimension requires clinical evaluation of the patient and cannot be evaluated solely on the diagnostic casts.
The determination of the OVD is not a precise process because a range of OVD is possible without clinical symptoms. 11 At one time, it was believed that the dimension of occlusion was very specific and remained stable throughout a patient's life. The OVD position is not necessarily stable when the teeth are present or after the teeth are lost. Long-term studies have shown that this is not a constant dimension and often is decreased over time without clinical consequence, in either the dentate, partially edentulous, or completely edentulous patient. In fact, a completely edentulous patient often wears the same denture for more than 10 years, during which time the OVD is reduced Ն10 mm, without symptoms or patient awareness.
The OVD may be altered permanently without the symptoms of pain and/or dysfunction. However, this is not to say altering the OVD has no consequence. A change in OVD affects the interarch distance between the arches. As such, it may affect the crown-to-root (implant) ratio and amount of biomechanical forces applied to the support system of a prosthesis. In addition, any change in the OVD will also modify the horizontal dimensional relationship of the maxilla to the mandible. As a result, the OVD difference will change the anterior guidance, and the range of function and esthetics.
The most important effect of OVD on tooth (implant) loading may be the impact on the biomechanics of anterior guidance. 12 The more closed the OVD, the steeper the anterior guidance and the higher the vertical overlap of the anterior teeth. These conditions will increase the forces to the anterior teeth and decrease the risk of posterior interferences during eccentric mandibular movements or function. Opening the OVD has the opposite effects. In general, for the dentate patient, it is more risky to close an OVD than to open this dimension because the mandibular anterior teeth may be positioned more facial, in a closer relationship to the maxillary teeth in centric occlusion. However, in completely edentulous patients restored with fixed implant prosthodontics, a change in OVD in either direction may have biomechanical consequences. Opening the OVD and decreasing the incisal guidance resulting in a bilateral balanced occlusion may increase forces to posterior implants in any mandibular excursion. Closing the OVD may increase the forces to anterior implants during any excursion. On occasion, a change in the OVD may also affect the sibilant sounds of an individual because it also changes the horizontal position of the mandible.
The OVD is almost never naturally too large, and, unless some manmade interference has been created, it is within clinical guidelines or decreased. Therefore, the restoring dentist most often should determine if the OVD needs to be increased. In other words, the existing OVD is a place to start the evaluation, not a position that necessarily must be maintained. This is not a casual decision because increasing the OVD will often require restoration of all segments of the mouth, with the exception of the maxillary anterior teeth, if acceptable.
According to Kois and Phillips, 11 there are primarily 3 times that a restoring dentist should consider a modification of the OVD: (1) esthetics, (2) function, and (3) structural needs of the dentition. Esthetics is related to OVD for incisal edge positions, facial measurements, and the occlusal plane. Function is related to the canine positions, the incisal guidance, and angle of load to teeth and/or implants. Structural requirements are related to dimensions of teeth for restoration, while maintaining a biologic width.
Methods to Evaluate OVD
All the techniques used in traditional prosthodontics are also used to evaluate and/or establish the OVD. These techniques most often include the objective method of measuring facial dimensions, and/or the subjective methods of esthetics, resting arch position, and speaking space. There is no consensus on the ideal method to obtain the OVD. Therefore, this dimension is part art form and part science. Yet, it is critical enough that a final treatment plan should not be rendered until a determination has been made relative to this dimension.
The maxillary anterior horizontal and vertical tooth position is evaluated before any other segment of the arches, including the OVD. If the maxillary anterior teeth are significantly malpositioned, the clinician should obtain further diagnostic studies, such as a cephalometric radiograph, to determine the relationship of the maxilla to the cranial base. The patient may have unfavorable skeletal relationships, including vertical maxillary excess or deficiency. If the positions of the natural maxillary anterior teeth are undesirable for any reason, orthodontics, orthognathic surgery, and/or restoration may be indicated. Once the position of the maxillary anterior teeth is acceptable, the next prosthetic guidelines require the determination of the OVD.
The subjective methods to determine OVD include the use of resting interocclusal distance and speechbased techniques using sibilant sounds. Niswonger 13 proposed the use of the interocclusal distance (freeway space), which assumes that the patient relaxes the mandible into the same constant physiologic rest position. The practitioner then subtracts 3 mm from the measurement to determine the OVD. There are 2 aspects that conflict with this method as a primary factor. First, the amount of freeway space is highly variable in the same patient, depending on several factors, including head posture, emotional state, presence or absence of teeth, parafunction, and time of recording (higher in the morning). Second, interocclusal distance at rest varies 3Ϫ10 mm from one patient to another. As a result, the distance to subtract from the freeway space is unknown for a specific patient. Therefore, the physiologic rest position should not be the primary method to evaluate OVD. Silverman 14 stated that approximately 1 mm should exist between the teeth when the "S" sound is made. Pound 15 further developed this concept for the establishment of centric and vertical jaw relationship records for complete dentures. Although this concept is acceptable, it does not correlate to the original OVD of the patient. Patients with dentures often wear the same prosthesis for more than 14 years, and during this time, lose Ն10 mm of their original OVD. Yet, all these patients are able to say "Mississippi" with their existing prosthesis. If speech was related to the original OVD, these patients would not be able to pronounce the "S" sounds because their teeth would be more than 12 mm apart. Therefore, speaking space should not be used as a primary method to evaluate OVD.
Kois and Phillips 11 have noted that the subjective "esthetic" method to establish an OVD is the most difficult to teach inexperienced dental students so that it is least likely to be initially addressed when teaching the concepts of determining OVD. However, experienced clinicians often consider this method to be a primary factor related to OVD. Once the position of the maxillary incisor edge is determined, the OVD influences esthetics of the face in general.
Facial dimensions are directly related to the ideal facial esthetics of an individual and are able to be evaluated regardless of the degree of experience of the clinician. Because facial dimensions are an objective evaluation, which is related to esthetics, it is usually the method of choice to evaluate initially the existing OVD and/or establish a different OVD during prosthetic reconstruction. The OVD based upon facial measurements may be performed without the additional assistance of radiography or other tests. Facial measurements can be traced back to antiquity, in which sculptors and mathematicians followed the "Golden Proportion," later specified as a ratio of 1.618 -1. Later on, Leonardo da Vinci 16 contributed several observations and drawings on facial proportions, which he called "Divine Proportions." He observed that the distance between the chin and bottom of the nose was a similar dimension as: (1) the hairline to the eyebrows, (2) the height of the ear, and (3) the eyebrows to the bottom of the nose (Fig.  9) . Each of these dimensions equaled one third of the face. Many professionals, including plastic surgeons, oral surgeons, artists, orthodontists, and morticians, use facial measurements to determine OVD. 17, 18 A review of the literature by Misch 19 found many different sources that reveal many correlations of features that correspond to the OVD, including: (Fig. 10 ).
All these measurements do not exactly correspond to each other but usually do not vary by more than a few millimeters, with the exception of the vertical height of the ear, when the face has dimensional balance. By averaging several of these measurements, the existing OVD may be compared to give a clinical impression of the accuracy with this objective approach. The subjective criteria of esthetics may then be considered after the facial dimensions are in balance with each other.
Radiographic methods to determine an objective OVD are also widely published in the literature. A cephalometric radiograph and tracing are suggested when gross jaw excess or deficiency is noted. These conditions may be caused from vertical maxillary excess, vertical maxillary deficiency, vertical mandibular excess (long chin), vertical mandibular deficiency (short chin), apertognathia, and/or class II division II (deep bite) situations. Orthodontic treatment planning of a dentate patient often includes a lateral cephalogram and may be used to evaluate OVD (glabella-subnasale, subnasale-menton). The same measurements may be performed on the edentulous patient (Fig. 11) .
Esthetics are influenced by OVD because of its relationship to the maxillomandibular positions. The smaller the OVD, the more class III the mandibular jaw relationship becomes, and the higher the OVD, the more class II the mandible becomes. The maxillary anterior tooth position is first determined and is most important for the esthetic criteria of the reconstruction. Alteration of the OVD for esthetics rarely includes the maxillary tooth position. For example, the OVD position may be influenced by the need to make the mandible less harsh looking for a patient with a large chin button (mental protuberance). Once the OVD satisfies the esthetic requirement of the prosthetic reconstruction, it may still be slightly modified. For example, the OVD may be modified to improve the direction of force on the anterior implants. In addition, anterior mandibular implants on occasion are too facial to the incisal edge position, and increasing the OVD makes them much easier to restore. Therefore, because the OVD is not an exact measurement, the ability to alter this dimension, within limits, may often be beneficial.
CONCLUSION
Implant prostheses have a higher rate of mechanical complications than 16 suggests the face has common measurements that are similar to the distance from the bottom of the nose to the bottom of the chin. Fig. 10 . A review of the literature by Misch 19 found 11 measurements that were similar to the OVD dimension. Fig. 11 . A lateral cephalogram may be used to help evaluate the OVD in a dentate or edentulous patient.
failure of an implant. A number of factors may increase the mechanical load to an implant restoration, including an increased CHS. The CHS acts as a vertical cantilever to any angled or offset load to the restoration. As a result, excessive CHS should have stress reducing protocols, including shorter cantilever length, less offset loads, increased implant number, increased implant diameter, increased surface area for implant designs, removable verses fixed restoration, which are removed during sleep, and splinting implants together. A reduced CHS also has mechanical consequences to the restoration, including reduced retention of the abutments and an increased risk related to the bending fracture resistance of the prosthesis.
The CHS is affected by the OVD. Determination of the OVD is not a precise process, and a clinical range is possible without clinical symptoms. The existing OVD of a patient is rarely naturally too large. A decrease in OVD is more common in the complete edentulous patient. A modification of the OVD may be made by the dentist for esthetics, function, and/or structural needs of the dentition. The OVD may be determined by objective or subjective methods.
These guidelines will appear as Part 2 in the next issue of Implant Dentistry. 
